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I ntroduction

Thegoa of thisarticleisto provide
a review of theories, methods, and
technologies that can be applied to
knowledge management and to assess
their actual or potential contributionto
the basic processes of knowledge
creation and diffusion within Health
Care Organizations (HCOs). Theaim
istoidentify trends and new develop-
ments that seem to be significant and
torelatethemtoresearchinthefield of
Medica Informatics, rather than to
provide a comprehensive review of
established research projects or
commercially availableproducts.

KnowledgeManagement (KM) [1]
is the name given to the set of
systematicand disciplined actionsthat
an organization can take to obtain the
greatest value from the knowledge
over whichiit disposes. Knowledgein
this context includes both the experi-
ence and understanding of the people
intheorganizationandtheinformation
about artefacts, such as documents,
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guidelines, protocols, and reports,
availablewithintheorganization.
Knowledge has been recognized as
the key to successfor HCOs[2], and it
issmply toovaluablearesourcethat we
cannot avoid investigating effective
strategies for its management. HCOs
must understand precisely what scien-
tific and clinical knowledge will give
themthepossibility to meet theneedsof
patients. They must beabletokeepthis
knowledgeuptodate, deploy it, lever-
ageitinoperation, and spreaditwithin
and acrossorganizations. Over thelast
decadeit hasbecomewidely accepted
that HCOs' capacity tolearn, innovate,
and leverage knowledge-based capa-
bilitiesarecritical totheimprovement
of their performance[3, 4, 5, 6].
Health care must be delivered by
systems that are carefully and con-
sciously designed to operate in away
that is safe [7, 8], effective, patient-
centered, timely, efficient, andequitable
[2]. Such systems must be designed to
servetheneedsof patients[9], andthis
means: to ensurethat patientsarefully

informed, retain control and participate
incareddivery whenever possible, and
that they receive carethat isrespectful
of their values and preferences [2].
Suchsystemsmust facilitatetheapplic-
ation of scientific knowledge to prac-
tice, and provide clinicians with the
tools and support mechanisms neces-
sary to deliver evidence-based med-
ical care consistently and safely [10].

Hedlthcareprovidersshouldactively
interact to ensurethat information and
knowledgeneededfor themanagement
of careis appropriately shared. How
to bring this about human behaviour
within HCOs needs to be carefully
analyzedtoachievesuccess. Thus, itis
fundamental to develop a general
theory of the ontology of social facts
andsocial institutions[11]. Moreover,
we need to investigate how human
cognitionanddecision-makingisaways
situated in and affected by a complex
socio-cultural environment [12].
Clinical practiceisclearly acognitively
complex matter involving avariety of
different types of problem-solvingin
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diagnosisandtherapy planning, aswell
as keeping them up-to-date according
totheprogressinresearchandindrug
development. This complexity isalso
linkedtotheclinical divisonof cognitive
Iabour: nosingleindividua willingenerd
possessthecompleteknowl edgeabout
any given patient[13]. Thefindingsof
studiesof thiscognitivecompl exity are
essential to the formulation of organ-
izational strategies for cultivating
communitiesof medical practicewhich
are able to manage organizational
knowledge just as systematically as
they manage other critical assets[14].

Theexplosioninbiomedical science
and technology creates a paradox. At
the very sametimethat theincreasing
complexity of knowledge requires
greater efforts towards specialization
and collaboration, so the half-life of
knowledge becomes ever shorter.
Considerableeffort and resourceshave
been expended internationally on the
development of the best clinical
practiceguidelinesthat represent state-
of-theart management of careddlivery
towell-defined categories of patients.
Yet at the same time one surviva
analysis estimates that half of the
guidelines became obsolete in about
five years[14].

If medical communities are not
focused on critical areas, they will be
unable to keep up with the rapid pace
of medical knowledge change. Peter
Drucker describes health care profes-
sionalsastypical knowledgeworkers.
They must beresponsiblefor fostering
continuouslearning andinnovationin
their work, and they must rely on
colleagues and scientific medical
societiesfor assessing theeffectiveness
of their practice[15]. Cohenand Prusak
describetheproblemsthat occur when
adoctor hasno colleaguesin thefield
with whom she can confer to keep her
knowledge up-to-date [16].

Theknowledgeeconomy presents
an additional challenge to HCOs.
They are starting to compete for
health market share but also for

excellent clinicians and surgeons.
Finding and keeping the right people
can makeabig differenceinaHCO's
ability toincreaseitsvisibility and to
gain new customersand stakehol ders.
In developed countries, recruiting,
developing, and retaining talented
health professionals and researchers
represents a greater challenge than
does competing in the health market.
Professional relationships and social
tiesareimportant reasonsto stay with
an organization [17, 18]. It has been
argued that organizations can win the
war for talent by offering employees
an opportunity to build a sense of
community with professional and
workplacecolleagues[16]. Moreover,
employees have good reason to stay
when their organizations can offer
attractive opportunities to participate
in competitive knowledge-based
communities.

2. TheNatureof Knowledge

KM isthe processof creating value
fromanorganization'’ sintangibleassets
[19]. Assuch, knowledgemanagement
combines various concepts from
numerousdisciplines,including organi-
zational science, cognitive science,
human resources management, artifi-
cial intelligence, and information and
communicationtechnology (ICT).

Beforeanalysing theoriesandtools
for KM, thenatureof knowledgeneeds
tobeinvestigated. Thereare currently
two magor views on the nature of
knowledge. The cognitivist perspec-
tiveisthemost firmly established and
well known. It originated during the
cognitiverevolutionintheearly 1950s
andgreatly influencedthedevel opment
of artificia intelligence[ 20, 21, 22, 23].
The cognitivists developed formal
models of the cognitive system as a
machine for information processing
andlogical reasoning[24]. Knowledge
is considered to consist in repre-
sentations of the world, and the key

task of any cognitive system is to
represent it as accurately as possible.
What isimportant for the purposes of
this paper is that knowledge is
considered universal by cognitivists:
two cognitive systems should achieve
the same representation of the world.
Tothem, knowledgeisexplicit, capable
of being encoded and stored, and easy
totransmit to others. Thisjustifiesthe
great emphasis given by the artificial
intelligencecommunity onknowledge
acquisition, representation, andtransfer
until the 1980s.

New insights in neurobiology,
cognitive science, and philosophy,
raised the constructionist perspec-
tive: cognition is viewed not as an act
of representation, but as an act of
knowledge construction [25, 26, 27,
28]. To constructionists, because
knowledgeresidesinour bodiesandis
closely tied to our sensesand previous
experiences, wewill cometo construct
our knowledgeinwaysthat areunique
to ourselves.

Thus, knowledgeisnot considered
universal, and the constructionists do
not pay much attention to comparing
various representations. Rather, one
knowsthat her cognitivesystemworks
when knowledge allows her to act
effectively. From the constructionist
perspective, some knowledge is
explicit, but someisalso tacit, highly
personal, not easily expressed, and
thereforenot easy to sharewith others.

When surgeonsoperateonapatient,
they donot apply only knowledgethey
have gleaned from books and
procedures they have stored in their
heads. They also consider thepatient’s
medical history, monitor vital signs,
look at tissues, make incisions, draw
conclusions, and possibly revise the
planto make surethat theprocedureis
constantly responsive to the evolving
situation. Thus, asignificant part of the
knowledge of expertsderivesfrom an
accumulation of experience—akind of
residue of their actions, thinking, and
conversations—that remainsadynamic
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part of their ongoing experience [29].
Thistype of knowledgeis much more
aliving process than a static body of
explicit knowledge. It cannot be
reduced to a collection of objects.
Working within an organization or a
teammakesit anintegral dynamicpart
of their activitiesand interactions.

The cognitive and constructivist
perspectives have been presentedin a
very condensed form in this section
merely in order to point out the two
extremes of proposed views of the
nature of knowledge. Contemporary
cognitivists are gradually becoming
aware of the cultural dependence of
knowledge and thus are lessening the
strength of their earlier universalistic
claims. On the other side, construc-
tivistsarereformulatingtheir theoryin
order to avoid the confusion between
knowledge creation and creation of
the world to which this knowledge
relates. Barry Smith elaborated avery
promising third perspective, which he
has called the ecological theory of
knowledge [30]. He started from the
seminal work of the ecological
psychologist J. J. Gibson[31], drawing
also on the evolutionary theories of
Merlin Donald [32], to reconcile the
cognitive and constructivist per-
spectives. Smith claims that the
understanding of cognitionrequiresthe
study of human actionsasthey existin
the real world environment, but he
stresses that this is typically a socia
environment, which includes records
and traces of prior actionsintheform
of communication systems (lan-
guages), knowledgerepository systems
(libraries), as well as financial, legal
and political systems of a range of
different sorts.

In HCOs records and traces of
health professional actions are repre-
sented by patient health records,
knowledgerepositories, suchasmedi-
cal textbooks, journals, guidelines,
protocols and many other sorts of
knowledge sources relevant for
learning and clinical actions.

Both cognitivist and constructivist
perspectives on the nature of knowl-
edge have influenced knowledge
management theory and practice.
Thus, it is essential to start any
eval uation of knowledge management
potential from considering that
knowledge takes various forms. The
fundamental distinction between tacit
andexplicitknowledgeoriginatedfrom
the work of Polanyi [33]. He claimed
that tacit knowledgeinvol vesphysical
skills, such as executing a manually
complex surgical intervention, aswell
asperceptual skills, suchasinterpreting
a complex medical chart or X-ray.
Tacit knowledge also allows doing
somethingautomatically d mostwithout
thinking, such as examining the
abdomen of apatient by touch. Practice
is required to acquire and maintain
suchaskill. A careful study of theskill-
acquisition processshowsthat aperson
usually passes through at least five
stages of qualitatively different
perceptions. Someone at a particular
stage of skill acquisition can always
imitate the thought processes
characteristicof ahigher stagebut will
perform badly when lacking practice
and concrete experience. Hubert and
Stuart Dreyfus discussthe “proper
balance between calculative reason
and intuition” and provide important
insights into the distinction between
explicit and tacit knowledge.

Nonaka and Takeuchi claim that
tacit knowledge is the key source of
innovationin Japanesecompaniesand
hence of major importance to
sustainable company performance
[34]. They analyzed the interaction
between tacit and explicit knowledge,
concluding that they are comple-
mentary. They interact and become
transformed into each other in the
creative activities of human beings.
Explicit knowledgecanbemoreeasily
documented and represented [35].
Tacit knowledgeisdifficult to extract
and elicit due to the knowledge
engineering paradox. Themoreexpert

oneis,themoretacittheknowledgeis,

so the harder it is to extract and

formalizeitinaknowledgerepository.

Sharing tacit knowledge requires

interaction and informal learning

processes, such as conversation,
coaching and apprenticeship. Thisis
nottosay thatitisnot useful torepresent
knowledgeinwhatever manner serves
the needs of practitioners. But even
explicit knowledge is dependent on
tacit knowledge if it is to be applied.

Practice is a tangled combination of

the tacit and explicit dimensions of

knowledge.

Nonakaand Takeuchi formulated a
dynamicmodel of knowledgecreation
that isbased on acritical assumption:
human knowledge is created and
expanded through asocial interaction
between tacit and explicit knowledge.
Thisprocesshasbeencalledknowledge
conversion. It represents a social
processbetweenindividualsandisnot
confinedwithinany singleindividual .

Four different modes of knowledge
conversion have been postulated:
socialization, externalization, combi-
nation, andinternalization.

1. Externalization (tacit to explicit)
isthe processof conversion of tacit
into explicit knowledge through
some formal or semiformal repre-
sentationlanguage.

2. Combination (explicit to explicit)
is the process of recombining or
reconfiguring bodies of aready
existing explicit knowledge that
leadsto the creation of anew body
of explicitknowledge.

3. Internalization (explicit totacit) is
the process of individual learning
by repetitively executinganactivity
applyingsometypeof explicitknowl-
edge(e.g., aprotocol oraguideline)
and absorbingtheresultsthereof as
new personal tacit knowledge.

4. Socialization (tacit to tacit) is the
process of learning by sharing
experiences that create tacit
knowledge as shared conceptual
modelsand professional skills.
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A moredetail ed description of these
knowledge conversion processes in
HCOs is available in [36]. A KM
framework should properly facilitate
and stimulate the knowledge conver-
sion processes described above. Such
processes occur continuously during
daily medical work. Thus, to build
effective KM systems in HCOs one
needsto support each conversion pro-
cess with the most suitable methods
[37]: knowledge representation tools
for externalization, medical ontologies
for combination, knowledgediscovery
andintelligentdataanalysisforinternali-
zation [38], and process and clinical
datamanagement for socialization.

L ater on, Cook and Brownextended
the constructivist perspective on the
natureof knowledgeinway that yields
adeeper understandingof what it means
to speak of organizational knowl-
edge [39]. They call the traditional
understanding of the nature of knowl-
edge the epistemology of possession,
sinceit treatsknowl edgeassomething
peoplepossess. Y et, thisepi stemol ogy
cannot account for the knowing found
in individual and group practice.
Moreover, theepistemol ogy of posses-
sion tends to privilege explicit over
tacit knowledge and knowledge
possessed by individuals over that
possessed by groups. Organizations
are better understood if four distinct
and coegual types of knowledge are
consdered: individud explicit,individua
tacit, group explicit, group tacit
knowledge.

A view which focuses on knowing
as a matter of actions calls for an
epistemology of action. Thus, the
great chalenge for organizations is
effectively managing theinterplay of
organizational knowledge and organ-
izational knowingsinceit cangenerate
new knowledge and new ways of
knowing. Supportingwhat they call the
generative dance between knowledge
and knowing with the most suitable
organizational and technological
infrastructure requires a fundamental

change in modelling organizational
working processes and in designing
organizational information systems.
Thelatter must support individual and
organizational learning in the context
of routine practice [40]. The most
promising approach seems to be
represented by evidence-based care-
flow management systems (CfMS)
[36, 41], asillustrated in section 5 of
this paper.

| have already remarked that com-
munication isan essential component
of knowledge creation within HCOs.
They areusually composed of multiple
teamswith specialized medical exper-
tise, and lateral organizational forms
are usually more important than
hierarchical ones in establishing and
mai ntai ning effective communication
links within the care process. This
requires the ability of each team to
take continuously the perspective of
another cooperating teaminto account
—andthisinturnrequiresan effective
communication system. Boland and
Tenkasi developed models of
language, communi cationand cognition
that can assist in the design of an
organizational infrastructure for
communication built around theideas
of perspective making and per-
spective taking [42]. Perspective
making is the process whereby a
community of knowing develops and
strengthensitsownknowledgedomain
and practices. Perspective taking can
be synthetically described as the
processinwhichtheoverall organiza-
tional knowledge emerges out of the
exchange, evaluation, and integration
of knowledge. Likeany other organiza-
tional knowledge, itiscomprised of the
interactionsof individual sand not their
isolated behaviour. They claimedthat
the ways in which experiences are
narratedisacritically important mode
of creating knowledge. Narrating
patient clinical histories or illness
trajectories isthe most common way
to develop a common understanding
of patient problemsbetweenclinicians.

The patient medical record traces the
course of the illness, as well as the
total teamwork actions over a given
period as well as the impact of these
actions on the individual caregivers
involved. Such narratives always
describespast actionsinthecontext of
aset of organizational arrangements.

Thus, task-narrative facilities
could support a perspective making
for those creating the narratives and
also support a perspective taking
experience for those reading the
narratives. The narrative is aways
incomplete and the reader must read
into the story in making it sensible.
Thisreadingintocanbecomeaprimary
vehicle for opening oneself up to the
perspective of another only if the
systemfor managing el ectronichealth
records makes available tools for
analyzing patient illness trajectories
andinvestigating, if needed, elements
within them (findings, decisions,
actions, outcomes, etc) supported by
suitable medical and organizational
knowledgesources. CfM Scanprovide
the right information and knowledge
management infrastructure to auto-
matically build the patient clinical
history of individual patients in the
context of thework doneby individual
caregivers who collaborate in their
management [36].

3. FutureHealth Information
Sysems

Thelnternational Medical Informa-
ticsAssociation (IMIA) working group
onHealth Information Systems (HIS)
held its fourth working conferencein
Heidelberg, Germany, in April 2002.
Thediscussioncoveredtopicsreferring
to HIS bottlenecks, strategies to
achieve open architectures, patient
empowerment, and HIS desired out-
comes. Twospecial issues, of Methods
of Information in Medicine [43] and
the International Journal of Medical
Informatics [44], report the strategic
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views presented and discussed by the
participants at the conference.

Oneof themostimportant resultsof
the conference deals with the
fundamental claim of thepresent paper:
namely that thereis aneed to investi-
gate the dominant role of cognitive-
organizational factors in adapting
systems to users working practices.
Theprocessof providinghealthcareis
inherently based onacomplex network
of socio-organizational interactions
among alarge number of participants.
Thepath to successwill liein systems
that support communication and
knowledgecreationaskey components
of the health care process, rather than
as incidental by-products [45]. It is
now time to identify which of the
fundamental human factors essential
tosuccesshavebeenignoredby current
HIS products.

Meeting this need will require a
challenging co-devel opment approach
totheHISdesign process[46]. Health
information systems need to become
less technology-centric and more
oriented towardsthe variety of organ-
izational environments within which
they will have to operate [47]. HISs
will also need to provide tools for
outcomes measurement in terms of
increased efficiency andflexibility and
higher HCO performance [48].

A largebody of organizationtheory
literature has focused on examining
the interface between the external
environmentandinternal organizational
processes, providingtheoretical expla-
nations that pinpoint the need for
efficiency and flexibility [49, 50, 51].
Indeed, theideaof atrade-off between
efficiency andflexibility isperhapsthe
most enduring idea in organization
theory [52]. Two different types of
organizational design—called mecha-
nistic and organic — have been
identified, and it has been argued that
eachismoreappropriatetoaccomplish
different tasks in different environ-
mental situations [53]. Mechanistic
organizations have been judged most

appropriate where the environment is
stable. Here, thereisnoneedtoattempt
todevelop new productsor servicesor
to introduce new organizational pro-
cesses, because the environment does
not requirethem. However, wherethe
environment ismore dynamic, so that
the organization does need to change
its products, services, or processesin
order to adapt to changing demands,
then an organic structure is required.

Thereisno doubt, now, that HCOs
operate in a highly dynamic environ-
ment, since medical knowledge is
evolving at anincreasingly rapid pace
and patient demand for medical
excellence is steadily growing. Thus,
the great challenge for HCOs is that
they must find waysto behaveas both
mechanistic structuresableto achieve
high levels of efficiency in using
availableresources and organic struc-
turesableto copeinanenvironment of
quickly expanding medical knowledge
which requires high degrees of flexi-
bility to achievetheexpected level sof
safety, effectiveness, and quality of
delivered care.

There are now some few research-
ers who have suggested that it is
possible to be simultaneously both
efficientandflexible, or ambidextrous
[54, 55]. Adler et a. [56] reviewed
different approachesto ambidextrous-
ness and highlighted four different
organizational mechanisms that the
literaturepostul atesasbeingimportant
for achieving simultaneousefficiency
and flexibility: meta-routines, job
enrichment, switching, and partitioning.
Mata-routines are routines to stand-
ardize organizational processes that
focusonflexibility andinnovation. For
example, CfM S can be adopted in an
attempt to routinize any health care
delivery innovation. In terms of job
enrichment, themotivating potential of
ajoboraroleisincreased by givingits
hol der increased autonomy andrespon-
sibility, in such away that the person
involved can be moreinnovative and
flexible even if the tasks became

routine. Switching referstothedivi-
sion of tasks, sothat apersonisgiven
time to spend on some non-routine
tasks, suchasthat of beinginvolvedin
healthprofessionals communities, but
then switches back to doing routine
tasks. Partitioningreferstothedivision
of tasks by teams, so that someteams
in the organization concentrate more
on routine tasks while others
concentrate more on the non-routine
inwaysthat areaimed, for example, at
expandingindividua andorganizationd
medical knowledge.

Newell at al. carefully investigated
the problem of balancing efficiency
and flexibility in managing organ-
izational processes. They proposed a
solution based on simultaneously
implementing two management
information systems. the Enterprise
ResourcePlanning (ERP) and K nowl-
edgeManagement (KM) systems[57].
ERP systems have been defined as
organization-widepackagesthat tightly
integratebusinessfunctionsintoasingle
system with a shared database [58].
They have also been characterized as
comprehensivesoftwaresol utionsthat
integrate organizational processes
through shared information and data
flows [59)]. Thus, ERP systems are
marketed as a vehicle for integrating
the core business activities of an
organization, suchasfinance, logistics
and human resources management, to
the legacy systems[60]. KM systems
emphasi ze how organizations can en-
hance competitive advantage through
more effective utilization of their
knowledge assets. Thisisachieved by
alowingfreeflow of knowledgewithin
and across organizations [61]. The
ideais that through improved knowl-
edge sharing and creation, flexibility
and innovation will be enhanced [62].

Exploringthesimultaneousdepl oy-
ment of ERP and KM systems within
anorgani zation provided anopportunity
to examine the resulting interactions
and their impacts. More specifically,
Newell at a. examined the combined
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influence of the two systems on
efficiency andflexibility [57]. Through
an interpretative case study, the
research confirmed that[1]: the two
systemscan beimplementedintandem
with positiveeffects. complementarity
between the two systems is possible,
athoughthisisnotanautomaticoutcome
sinceit hasto be fostered. This could
represent a strategic suggestion for
HIS designers and developers.
Knowledge-based CfM S constructed
alongtheselines, asdiscussed later on
in this paper, could provide the most
effective approach to achieve
efficiency andflexibility.

The mechanistic and organic
organizational structuresareimplicitly
involved inthe concept of doubleknit
knowledge organization described
by Wenger et a. [14], who talk of
communities of practice [63], that is
groupsof peoplewho shareaconcern,
aset of problems, or apassion for one
topic, andwho deepentheir knowledge
in aspecific domain by interacting on
an ongoing basis. For aHCO to learn
from its own experience and to fully
leverage its knowledge, the com-
munities that steward knowledge
creation and the care processeswhere
knowledge is applied must be tightly
interwoven. Health careprofessionals
themselves, in their dua role as
knowledge creators and care
providers, help the conversion of tacit
into explicit knowledge. Thiskind of
multimembership creates a learning
loop. Asagentsinroutinecaredelivery
processes, peopl e are accountable for
theperformanceof certaintasks. When
they facefamiliar problems, they apply
and refine their skills; when they
encounter new problems, they create
new solutions. But the same people
are also members of scientific and
professional communitiesand assuch
they are accountable for developing
new practices. They bring their prac-
tical experience to their scientific or
professional community and receive
helpwiththeir problems. Communities

of practice are essential in medicine
for connecting health professionals
acrossorganizational and geographical
boundaries and for focusing on
scientific development rather than
merely ontheapplicationof their exper-
tise in routine patient management.

4. Computer Supported
Collaborative Work

Aninnovativevisionof future HISs
is centered on the strategic goal of
building collaborative information
systemsthat facilitate communication
and collaboration between patientsand
professional care providersin achiev-
ing health caregoals. Thiswill require
thedevel opment of systemssupporting
patient empowerment [64] and care
process management [65]. ITC will
not be a barrier sinceit is developing
rapidly: thechief barriersof thefuture
would be, rather, conceptualizations
andtheoriestooweak, ortoopartial, to
allow the design, development, and
deployment of effective HIS.

A number of theoretical constructs
have been used to study and describe
Computer Supported Collaborative
Work (CSCW) settings and systems,
but few explicitly approachthe design
of such systems. The most commonly
used methods to support the design
processincludecontextua inquiry [66],
participatory design [67], and user
centered design [68]. Wedraw on til|
another set of theories when we
address the underlying computer
system’s architecture, such as work-
flow management systemstheory [69].
What do we expect from such
theories? An interesting analysis has
been developed by Christine
Halverson, who compared theorieson
the basis of four main attributes:
descriptive, rhetorical, inferential, and
application power [ 70]. Shecompared
two theories relevant for this review:
Activity Theory (AT) and Distributed
Cognitiontheory (DCog). Their relative

strengths and weaknesses have been
explored with reference to theory
attributes defined above, and with
respect to what theory does for
CSCW. Themethodol ogical approach
shedevel oped canbereusedwhenever
other theories need to be compared.

AT provides a framework for
describing collaborativephenomenaby
focusing on the socia organization of
thekey playersin an activity, whether
thesebe stakehol ders, communitiesof
users, and organizational roles. An
introduction of the fundamental
concepts of AT can be found in [71].
Theprimary concept employedby AT
ishumanactivity. Anactivity isdefined
by an object that can be a materia
thing, but it can also be less tangible
(such as a plan) or totally intangible
(suchasacommonidea) aslong asthe
participants in the activity can share
theentity in questionfor manipulation
and transformation. An activity is
motivated towards transforming an
object into an outcome. Different
objects define different activities. A
subject is an agent that undertakes an
activity. In collective activities, a
community of agents share an object
and work collectively on its trans-
formation.

Central to AT is the concept of
mediation. The rel ationshi ps between
subject, object and community are
mediated by tools, rulesand division of
labour. These artefacts are used by a
community to achieve a desired out-
comethrough aset of transformations
onanobject. Artefactscanrangefrom
physical tools, like an electronic
instrument, to psycho-cognitive ones,
like alanguage, procedures, methods
and general experience. A very useful
concept isthe nation of subject-object
subject relation that combines the
object-subject and the subj ect-subject
aspects of an activity. The former is
referred to astheinstrumental aspects
of anactivity, whilethelatterisknown
as the communication or interaction
aspects of an activity.
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Threedifferent levelsof collabora-
tionhavebeenidentifiedincollaborative
work processes: coordination, cooper-
ation and co-construction [72].

1. Coordination corresponds to the
routine, repetitivework performed
by a group or organization. Coor-
dinatedwork followsapre-planned
sequence of activities with actors
simply playing their respective
organizational roles. It coordinates
the participant’ sactions asif from
behindtheir backs, without question
or discussion. The underlying
coordination ensuresthat theresult
of theseindependent actionsisthe
achievement of acommon result.

2. Cooperation involves the inter-
action of agroup of agents. At this
leve,workisnolongerindependent.
Theactionsof eachagentinfluence
theactionsof theothers, enablinga
synergistic effect. Actorsfocuson
the shared problem, trying to find
mutually acceptable ways to
conceptualize and solveit.

3. Co-construction corresponds to
there-elaboration or re-engineering
of work practices. At this level,
work itself isthesubject of contem-
plation. New, better waysof doing
itaredevised. Co-constructioncan
result in the redefinition of the
organization and interaction in
relation to a shared object.

Thereis aclose interplay between
these different levels, since they al
represent aspectsof what isultimately
a collaborative activity. A pattern of
dynamic transformations between
these levels can be observed: coordi-
nated i nteractions can become coope-
rative and vice versa; the result of a
co-constructiveactivity istheredefini-
tionof theinteractionitself. Inthenext
section | will arguethat current work-
flow technology can be used to build
coordinativesystems. Someimportant
innovationsarehowever neededif this
technology is to be used for building
cooperative systems. Finally, co-
construction requires more effective

toolstoreformulateworkflow models
according to the experience acquired
from work practice.

AT doesnot consider the cognitive
aspectsof activities. Theinvestigation
of the latter is, rather, the goal of
cognitive science. In the last century
cognitive scientistsfocused primarily
onthecognitionof individua sextracted
fromtheir social and cultural context.
However, itisonly in the last decade
that cognition hasbeenmoregenerally
acknowledged as distributed rather
then assomething that isby definition
theproperty of anindividual mind[12,
73, 74]. It has been recognized that
collectionsof individua shavecognitive
propertiesthat aredifferent fromthose
of individualstakensingly, properties
often emergent from their collective
behaviour. This factor cannot be
overlooked when a HIS has to be
designed.

Distributed cognition is not some
new form of cognition. Rather al
cognition can be fruitfully viewed as
occurring in adistributed manner. As
acognitivetheory DCogisfocusedon
the organization and operation of
cognitive systems; that is, on the
mechanisms that make up cognitive
processes that result in cognitive
accomplishments. It al so opensup our
conceptualizations of cognitive pro-
cesses to a much wider variety of
mechanisms than the classic symbol
manipulation of the physical symbol
system hypothesis (PSS) (21) (75).
Hutchinsarguesthat PSSworksbetter
as"“... amodel of the operation of a
socio-cultural systems from which
the human actor has been removed,
rather than a model of an individ-
ual’s internal cognitive processes
...".DCog capitalizeson thisview by
refocusing attention on the socio-
cultural system—thecognitivesystem
which functions by bringing repre-
sentational artefactsinto coordination
with one another.

The utility of AT and DCog for
supporting the design of CSCW

systemsisitstheoretica commitment
to examining the broader socio-
technical system which is necessary
for collaboration between individuals
of a sort that is mediated by human-
made or ICT-based artefacts. What
are the main differences between AT
and DCog? AT has a much stronger
rhetorical power, not becauseit names
things in the world, but because it
names conceptual and analytical
constructions with which any analyst
looking at a collaborative system has
had to struggle. In apparent contrast,
DCog does not have a specia name
for the unit of analysis. It frames the
problem in terms of examining the
cognition of a system in terms of its
function. Thefunctional requirements
drive the analytical focus, whereby
functional operation are decomposed
intosmaller unitsof analysisthat make
sense with respect to the particular
function or task within the system.
Taking a perspective that does not
privilegetheindividual may meanthat
configurations exist of collective and
individual components, human agents
aswell as human-made or I TC-based
artefacts, and social and cultural
structures.

5. Knowledge-based Car eflow
M anagement Systems

To describe the architecture of a
Careflow Management System
(CfMS) it is worthwhile to use the
glossary defined by the Workflow
Management Coalition [76]. Thisisa
non-profit organi zationwiththeobjec-
tivesof advancingtheopportunitiesfor
theexploitation of workflowtechnol ogy
through the development of common
terminology and standards. It hasbeen
recognizedthat all workflow manage-
ment products have certain common
characteristics, enabling them poten-
tially to achieve a level of inter-
operability throughtheuseof common
standards for various functions.
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A CfMS is a system that defines,
creates, and managesthe execution of
careflows (Cfs) through the use of
software running on one or more Cfs
models engines, which are able to
interpret the care process definitions,
interactwith Cf participantsand, where
required, invoketheuseof ICT-based
toolsand communicationlinks.

Careflow indicates the automation
of acare process, in whole or in part,
as a result of which information,
documents or tasks are passed from
one participant to another for action,
accordingtoaprocessdefinition. This
identifiesthevariousprocessactivities,
procedural rulesandassociated control
data used to manage the Cf during
process enactment. Many individual
process instances may be operational
during process enactment, each
associated with a specific set of data
relevant to the individual process
instance. Such systems also typically
provideadministrativeand supervisory
functions, for example they support
task assignment, audit and manage-
ment information.

The core activity in designing a
CfMS is represented by formulating
Cf definitions on which it is based.
While clinical practice guidelines
describe the activities of a medical
team in a comprehensive manner for
the purpose of defining best practices,
Cfsfocusontheorganizationof medical
work with regard the execution of
such best practices under the
coordination provided by the CfMS.

Cfsarecase-based, i.e., every piece
of work is executed for a specific
patient. Onecanthink of apatient care
process as a Cf instance. The goal of
a CfMS is to handle patients by
executing medical tasks in a specific
order. A Cf process definition specifies
whichtasksneedto beexecutedandin
what order. A task, which needsto be
executed for a specific case, is called
a work item. Most work items are
executed by aresource. A work item
executed by a resource is called an

activity. To facilitate the all ocation of
work items, resources can be grouped
into classes. Theresource classwhich
results when we conceptualize the
HCO's members in terms of their
capabilities is called the class of
organizational agents, both human
and non-human. If theclassificationis
based on the structure of the HCO,
such aresource classis called organ-
izational units (e.g., team, laboratory,
clinic, department, etc.). Theontology
of granular partitionsseemsto bevery
promisingfor effectively managingthe
level of details required by the
description of the different activities
involvedinaCf [77].

The core entity in Cf modeling and
AT isthesame: theactivity. However,
there areimportant differencesin the
emphasis given to the remaining
entities. AT focuses on the subject
(i.e., the caregiver), object (i.e., the
patient), and outcome(i.e., theclinical
outcomes achieved through the care
process) of an activity. The resources
and context are also taken into
considerationunder thenamesof rules
and division of labor. Thus, the
viewpointfor AT isthat of theindividual
executinganactivityinagivenworking
context. Cf models provide a more
detaileddescriptionof thiscontextsince
they require usto define participants
roles, the distribution and routing of
tasks, resourceavailability and utiliza-
tion, and constraints in executing
activities. Thus, the viewpoint is that
of an organization managing a care
processinvolvingcertainactivities. The
two approaches are complementary
sincethetwoviewsshould besupported
by acollaborative HIS. While AT, as
previously pointedout, isatheory with
a great rhetorical power, Cf can be
viewed as a theory with a great
application power, sinceit represents
acomputational representation that a
CfMScanuseto coordinateactivities.

Evidence-based Cf descriptionsare
knowledge components which rep-
resent simultaneously both the best-

practice medical knowledge that Cf
participants should possess and the
organi zational knowledgethey needto
possess for operating within a col-
laborative care process. Thus, they
make available the knowledge for
knowinginacting. SinceaCf descrip-
tion represents an ideal care process,
any adaptation [78] or exception
management action[79, 80, 81] needed
duringindividual patient caredelivery
isrecordedinadatabaseautomatically
managed by the CfMS. Those are the
data sources that should be continu-
ously analyzed to decide when a
reformulation of the Cf descriptionis
necessary. This represents the result
of an organizational learning process
from the outcomes of organizational
agent actions and corresponds to the
co-construction type of collaboration
described in the previous section.

The individual health care profes-
sionals in a HCO are working in a
complex environment. Thus, they may
at any timebecarrying out avariety of
tasks and interacting with other
organizational agents to manage
patients. Thus, weneed moreeffective
methods for the design of interaction
between human and computational
agents mediated by ICT artefacts.
Coiera recently presented an inter-
esting general theory of mediated agent
interaction[82]. Itisbased uponmodels
of the way communities or teams of
people interact with each other,
mediated by technol ogy, but bounded
by scarce cognitive and physical
resources. Such a framework is able
to model the effects of introducing
new technologies, or indeed to design
new technologiesin such away asto
anticipate their effects on the
population of users.

A CfMS may contribute to solving
the interaction problem within HCOs
sinceitisabletomanagetheexecution
of alarge number of tasks and acts of
communication among the organ-
izational agents involved in care
processes. Thisisbecausethecommon
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ground is large enough to make
synthetic and accurate the commu-
ni cationsbetween Cf participants[83]
managing specific types of patients
thereby justifying the effort of
designing and developingaCfMS.

| strongly believethat CfM Ss have
agreat potential in fostering themove
towards integrated care, where care
processes are redesigned around
patients' needs and are based on
scientific medical evidence. However
their development is not an easy task
and several conceptual and method-
ological problemsstill needtobefaced.

Bergand Toussaint raisetheproblem
whether a detailed modelling of care
processesand dataflow isthe primary
task that needsto be completed before
a CfMS can be designed, developed
and deployed [84]. | fully agree with
their main conclusion: the Cf model on
which a CfMS will need to be based
should be formulated after both a
careful investigation of the socio-
organizational characteristics of the
work context where the CfMS will
operateand anepistemol ogica analysis
of the medical knowledge the CIMS
will putinto use. The fluidity of med-
ica knowledge, which is constantly
adapting itself to local needs and
changing circumstances[85], isoneof
the major challenges in developing
evidence-based Cf representations.
Thus, epistemological theories like
those presented in section 2 provide a
set of fundamental conceptualizations
for CfMSdesignersand builders. Itis
also essential that we never forget that
medical work is based as much on
communication and negotiation
between health care professionalsand
patients as on the cognitive thought
processesof individua physicians[86].
Thus, inmodelling Cfswe must never
forgetthatthey, likeany kind of model,
always provide a necessarily partial
representation of the reality beyond.
As a consequence, CfMSs based on
Cf models need to support com-
muni cationamong Cf participantsand

toincorporatemethodsfor copingwith
theflexibility imposed by thefluidity of
medical knowledge and the needs of
individual patients [36]. Cf models
shouldimposeonlytherigidityjustified
by those elements of medical knowl-
edgethat arerecogni zed by themedical
community as constraints on medical
practice unavoidable to achieve the
best possible outcome and avoid
medical errors as much as possible.
Such a design strategy will also help
our understanding of the effects of
medical actions on patient outcomes.
We have to design care processes
where flexibility is left only for
behaviours that are proved not to
jeopardize the desired outcomes. For
example, Micidietal.[87] investigated
how the degree of compliance to an
international guideline for stroke
patients management significantly
influences the effectiveness of the
provided care.

CfMSsrequire developing models
of HCOs that need to be based on a
suitable organizational ontology. The
TOVE project developed an inter-
esting organizational ontology, which
providesauseful starting point [88]. It
allowsusto model an organization by
defining a set of constraints on the
activitiesperformed by organizational
resources. In particular, a HCO can
be thought as consisting of a set of
organizational units (e.g., wards,
laboratories, clinical units, rehabilitation
units, etc.), a set of organizationa
agents (members of a organizational
units), a set of roles that the agents
play in the organization, and a set of
organizational goals that they are
committed to achieving. An example
of a HCO ontology developed in the
caseof therehabilitation management
of post-stroke patientsis described in
[36]. A more principled ontology for
describing social reality isneeded for
devel oping anorgani zational ontol ogy
that is more effective in supporting
collaborativework withinaHCO. John
Searle argues in [11] for a two-level

ontology dongthefollowinglines. Facts
on the lower level, called brute facts,
can exist independently of human
beings and their organizations. Facts
ontheupperlevel, called institutional
facts, depend on human organi zations
and above all on an associated
collective intentionality. Barry Smith
raised many fundamental points for
extending such an idea and a very
stimulating debate between the two
philosophersisreportedin[89].
Research on workflow is presently
very active and deserves special
attentionfromtheMedical Informatics
community in order to improve the
processes of design and deployment
of CfMSs. A good Cf isnot asimple
image of a care process but rather an
abstractionfromit. The current work-
flow system devel opment approaches
lack a built-in development method-
ology. The WfMC standard only
provides a workflow definition lan-
guage, but it does not provide work
processanalysistoolsand devel opment
methodol ogy. Component technol ogy
is a way to raise the efficiency and
quality of system development. It
seems to be very promising to apply
the software component conceptsand
methodsto Cf descriptiondevel opment
[90]. In order to simplify the manage-
ment and usage of Cf processes and
to integrate them into HIS, powerful
modelling methods are essential. The
coloured Petri net formalism is very
powerful sinceit has a sound mathe-
matical basis as well as analysis and
verificationalgorithmsandtool s[91].
However, there are some basic
research issues to be addressed, such
as the description of families of
careflow processesand moreefficient
methods and tools for integrating
CfMSsinto HIS[92].
Althoughhuman cognitionandwork
practice are two inseparable parts of
human problem-solving, as | pointed
outinprevioussections, weneedmore
innovative approachesto model these
two parts of care processes to support
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distributed collaborative teams. The
exploitation of the agent concept into
the traditional modelling of Cfs to
develop an agent-based Cf model
seems very promising to me [93].
Moreover, there is an increasing
interest in making workflow systems
more adaptive and using knowledge-
based techniques to provide more
flexible process management support
than is allowed by current workflow
technology [94, 95]. Such agod is
evenmoreimportantinthehealth care
domain[36]. Anequally strategicvaue
will be enjoyed by effective solutions
to the problem of intra- and inter-
organizational work integration, since
these would allow us to design and
build ever more complex CfIMS[96].

6. Conclusions

ICT available today are so
powerful that thelack of new theories
and models represents a major
obstacletothedesignand deployment
of more flexible and interoperable
HIS able to support knowledge
management and collaborativeclinical
work. Reviewing the available con-
ceptualizations and putting consid-
erable work into expanding and
integrating suchtheoriesand modelsis
essential for building the next
generation of HIS.

Medicine is an extraordinary field
where socio-technical issues are
central due to the variety of human
needs, values and expertise involved.
Theeconomical factorisalsorelevant,
given the incredible resources, which
are being invested in the delivery of
careservices. Thus, aclosecollabora-
tionbetween heath careprofessionals,
medical informatics researchers, and
thehealthcarel T industry isneeded to
achieve the expected levels of
efficiency and quality of care. Industry
hasrecognized that care providersare
demanding more comprehensive HIS
covering alarger spectrum of clinical

functionality, and some vendors are
actually investing in this new
functionality [97, 98, 99].

Thepresent roleof academiccenters
is that of gradually replacing self-
developed components of HIS by
commercial modulesand cooperating
withvendorsinordertodesign, develop
and embed into an open architecture
innovativesol utionsto support added-
value aspects of clinical work [100,
101, 102]. National and international
research and development projects
shouldfoster such astrategic coopera-
tion. Medical Informaticsresearchers
will benefit from the opportunity to
evaluate the potential of systems
derived fromtheir work inareal work
context. They should at the sametime
continueto develop basic research on
fundamental issues such as those
reviewedinthispaper. Thegenerative
dance between innovative ideas and
systems implementing them will
improve the efficiency and effective-
ness of the next generation of HIS.
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